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ADDITIVE FOR ANTIFREEZE AND COOLANT CONCENTRATOR 

BACKGROUND OF THE INVENT TON 
(1) Field of the Invention 

This invention generally relates tp an additive to be, added 
to ant i f r'e e zfe j concentrate or coolant concentrate to be blended 
into the c arc ula t i p n wa t e r in he a t - ex c hang e system chiefly of 
internal-combust ion engines. This invention more particularly 
relates to an additive comprising at least one ingredient 
selected from the group consisting of c inn ami c acid and its 
derivatives including alkylcinnamic acid, alkoxycinhamic acid, 
and their amine salts, alkali metal salts and ammonium salts. 
The present invention also relates to a coolant concentrate and 
an antifreeze concentrate including such an additive, which are 
to be blended into heat-exchange water. 

(2) Description of Prior Art 

Japanese Patent Laid-Open Publication No. 2-182782 dis- 
closes an additive for coolant concentrate, including a 
straight-chain dicarboxylic acid of carbon number 7-14 • The ad- 
ditive when included in coolant concentrate will originally func- 
tion as an excellent metal corrosion inhibitor and effectively 
inhibit corrosion of various metals used in heat-exchange system. 
However, the straight-chain dicarboxylic acid included in the ad- 
ditive eventually promotes, by nature, oxidation of the glycol 
included in the concentrate as a chief component, progressively 
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lowering the pH value of the coolant. As a result, the coolant 
concentrate including this additive will eventually induce metal 
corrosion in the cooling system in spite of the coolant additive 
or coolant concentrate. Further, the additive according to 
Japanese Patent Laid-Open Publication No. 2-182782 is not chemi- 
cally stable enough with ; hard; water , tending to produce 
precipitation in the - coolant by chemical r^actlom ; wlth the hard 
water ingredients , which may eventually plug the fine water pas- 
sages of the heat -exchange system. 

BRIEF DESCRIPTION OF THE INVENTION 
Accordingly, it is an object of the present invention to 
provide an additive to be added to coolant or antifreeze con- 
centrate to be blended into heat-exchange water, which effec- 
tively prevents metal corrosion and oxidation of glycols , and 
which maintains the coolant or the freeze inhibitive properties 
of the concentrate and is chemically stable with hard water in 
heat-exchange system. 

The inventors of the present invention: have discovered 
through their long and strenuous study that cinnamic acid and its 
derivatives- including alkylcinnamic acid, alkoxyc innamic acid, 
and their amine salts, alkali salts and ammonium salts possess a.n 
excellent metal corrosion inhibitive power. 
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A coolant/antifreeze additive according to the present in- 
vention includes at least ohe ingredient selected from the group 
consisting essentially of cinnamic acid and its derivatives in- 
cluding alkylcinnamic acid, alkoxycinnamic acid, and their amine 
salts, alkali metal saLlts and ammonium salts, 

Ttie additive of the present inveiition provides : (a) ekcelr« 
lent metal corrosion inhibition; (b) glycol oxidation inhibit ion ; 
and (c J excellent stability with hard water . 

Both a coolant concentrate and an antifreeze concentrate 
according to the present invention include the foregoing additive 
in the range of about 0.05 - 8.0 wt.%. The coolant concentrate 
and the antifreeze concentrate of the present invention also 
provide an excellent metal corrosion inhibition, an excellent 
chemical stability with hard water, and a glycol oxidation in- 
hibition. 

DETAILED DESCRIPTION OF THE - PREFERRED EMBODIMENT 
A coo lant/anti freeze additive of the present invention in- 
cludes at least one ingredient selected from the group consisting 
essentially of cinnamic acid and its derivatives including alkyl- 
cinnamic acid and alkoxycinnamic acid (both having an alkyl group 
of carbon number 1-5), and their amine salts, alkali metal salts 
and ammonium salts. 
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The coolant/antifreeze additive . effectively prevents corro- 
sion of iron and aluminum as well as oxidative deterioration of 
glycols which are generally included in coolant concentrate and 
antifreeze concentrate as a chief component. The 
coolant/antifreeze additives are chemically stable with hard 
water . ' •' ' 

... A coolant concentrate; arid an antifreeze concentrate, of the 
present invention bofeK include such an additive in the range of 
about 0.05^-8.0 wt.%. When the amount of the included additive is 
less than the range, the performance of those coolant concentrate 
and antifreeze concentrate falls short of expectation , while when 
the amount of the included additive is more than that range, it 
is not economical . 

The coolant concentrate and antifreeze concentrate includ- 
ing an amount of the additive of the present invention therefore 
include at least one component selected from the group consisting 
essentially of cinnamic acid, and its derivatives including their 
various salts, and effectively inhibit corrosion of iron and 
aluminiim. However, they do not function to inhibit corrosion of 
brass or copper. It is preferable to also selectively include a 
triazole or triazoles such as tolyltr iazole , benzotriazole , and 
4-phenyl-l , 2 , 3-triazole , . preferably in the range of about 0,05- 
1.0 wt.%. 



An antifoaming agent, coloring agent, and/or pH adjusting 
agent may also be selectively included . Conventional metal cor- 
rosion inhibitors such as molybdic acid, tungstic acid, sulfate, 
nitrates, nitrites, silicates, mercaptobenzothiazole and alkali 
salts thereof, borates, phosphates, and benzoates and amine salts 
thereof rn^y also be selectively included , preferably in the range 
of about 0.05-1.0 wt.% for molybdic adid, tungstic acid, sulfate, 
nitrates, nitrites, silicates, mercaptobenzothiazole and alkali 
salts thereof, about 0.05-2.0 wt.% for borates and' phosphates, 
and about 0.5-5.0 wt.% for benzoates and amine salts thereof. 

The antifreeze, concentrate or the coolant concentrate 
prepared as above dpes not include phosphates, such as sodium 
salts and potassium' salts of orthophosphoric acid, pyrophosphoric 
acid, tripoliphosphoric acid, trimethaphosphoric acid, 
tetramethaphosphoric acid, or hexamethaphosphoric acid. These 
phosphates have been conventionally utilized as corrosion in- 
hibitors for ferrous metals such as cast iron or steel. 

Those phosphates chemically react with the hard water com- 
ponents often included in antifreeze or coolant concentrate, 
producing precipitation, which could plug the fine fluid circula- 
tion passages of heat-exchange system. Phosphates when they en- 
ter rivers or ponds through their use would raise BOD 
(biochemical oxygen demand) and/or COD (chemical oxygen demand) 
in the rivers or ponds, promoting growth of algae, which leads to 
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generation of water pollutant such as green powder or red tide. 
The coolant concentrate and antifreeze concentrate of the present 
invention do not include phosphates to avoid such baleful ef- 
fects. 

Performance: Test '"".'.>'■;[.' 

Seven e m b o dim en t ;-; coolant cone e-n-fcr ai: #s " ( IS m bodiment s 1^7) 
each including ah ambiirit ( 0 . 05 — $ • 0 wtv%) of the additive of the 
present invention, arid two comparison coolant concentrates 
(Comparisons 1 arid 2) each including a conventional coolant addi- 
tive (sebacic acid and dodecariedioic acid) were prepared. Also 
prepared were Comparisons 3 and 4 including an amount, below and 
above the range 0.05-8.0 wt.%, respectively, of the additive ac- 
cording to the present invention. Another prepared comparison 
coolant concentrate (Comparison 5) did hot include any coolant 
additive. Their respective ingredients are shown in Table 1. 

Those embodiments should not be construed as limiting the 
scope of the present invention. 
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TABLE 1 

COMPONENTS (WT.%) OF COOLANT CONCENTRATE 



Component 




Embodiment 


Comparison 


1 


2 


3 


4 


5 


6 


7 


V 1 


2 


3 


4 


5 


Trans -cinnamic 
acid 


2.0 






2.0 






2.0 






.03 


9.0 




P- methyl 

c i nnamic ac id 




2.0 






2.0 
















P-methoxy 
cinnamic acid 






2.0 






2.0 














Sebacic acid 
















4.0 


0 . 8 








Dodecanedioic p.cid 

*~ 














i.o 


1.7 








Sodium benzoate 












2.0 












Benzotriazole 
















0.3 










Tolyltriazole 








0.3 


0 . 3 


0.3 


0.3 




0. 1 








Sodium nitrate 














0.2 












Sodium hydroxide 














2.7 










Potassium 
hydroxide 


.75 


.83 


.93 


.88 . 


96 ] 

t 


..06 


.88 




1.21 


. 08 


3.53 


* 


Water 


2.0 ; 


2.0 i 


1.0 j 


2,0 2 


! . b 


2.0 


2.0 


3 .5 


2 . 0 


2 . 0 


2.0 


2.0 


Ethylene t 
glycol 


12.25 
9! 


■■ 9e 

5.17 


>.07 

9^ 


94 
t.82 . 


•. 74 

9 


92 
4.64 


.62 


38.5 


0 
8 


9 

4 . 19 


7.89 
S 


9 

5.47 


8.00 " 


i 

Diethylene glyj: 


:ol 










• <»--' 






10.0 








pH (30 vol.%) 


7.8 ' 


1.8 1 


r .8 1 


'.8 7 


.8 


7.8 


7.8 


7.5 


8.3 


7.8 


7.8 J 


3.1 



* negligible 
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Embodiments 1-7 and Comparisons 1-5 were respectively put 
to a metal corrosion test. Embodiments 1-7 and Comparisons 1 and 
2 were also put respectively to an oxidative deterioration test 
and a hard water stability test. The results are shown in Tables 
2, 3 and 4. 

The metal corrosion - test was conducted accord ing to J I S 
( JAPAN INDUSTRIAL STANDARD ) K 2 2 34-19S7 ( II ) Standard . The 
coolant concentrates of Embodiments 1-7 and Comparisons 1-5 were 
diluted to 30 vol.% with preparation water. From each diluted 
concentrate a number of 750 ml test samples were prepared and 
respectively put into tall beakers. Then, a test metal piece of 
a known weight and surface area was immersed in eadh tall beaker. 
The test metal pieces used were of cast aluminum, cast iron, 
steel, brass, solder and copper. Dry air was blown into each 
beaker at a rate 100 1/min., and then each beaker was kept at 
temperature 88 °C for 336 hrs . The weight of the metal piece in 
each beaker was subsequently measured. The change in weight of 
each metal piece was divided by the surface area of the metal 
piece to obtain the metal corrosion value. This test was 
repeated for all test metal pieces with Embodiments 1-7 and Com- 
parisons 1-5, respectively. 

The oxidative deterioration test was conducted using a test 
system provided by JIS K 2234 Antifreeze 7.4 Metal Corrosion. A 
number of 500 ml test samples were also prepared from the 
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foregoing diluted concentrates of Embodiments 1-7 and Com- 
parisons 1 and 2. The ptt values were measured using the 30 vol.% 
diluted coolant concentrates of Embodimeints 1-7 and Comparisons 1 
and 2 after heating them at 100 °C for 5 hrs. and then codling 
them. Each test sample was put in a liter ta.ll beaker and a test 
copper piece haying a surface kea of 800 cm 2 was immersed in the 
tall beaker .- Dicy ^ir • was Mown into each tall beakei* at a ralte 
100 ml/min. Each beaiker was kept at temperature 120 °C for 400\ 
hrs. The degradation product in each sample was measured (ppm) 
by ion chromatography as formic acid. 

The hard water stability test was conducted as follows. 
Each coolant concentrate of Embodiments 1-7 and Comparisons 1 and 
2 was diluted to 50 vol . % with hard water ( 1000 ppm as CaC0 3 ) 
which had been prepared by adding CaCl 2 into ion exchange water 
until the concentration of Ca w was 400 ppm. Those diluted con- 
centrates were left in the dark (room temperature) for 24 hrs. 
The precipitation in each test sample was measured in vol.%. 



10 



TABLE 2 
JIS METAL CORROSION TEST 



Change 






Embodiment 








Comparison 




in weight 
























mg/cnf 






























1 


■;' 2 


■' : "-'3 A- 


4 


• 5 


: 6 ' 


7 




" ;.2- 


. '3 


4 


5 


CastAl 








._ 




■ ' — ■ 


■" 






..' ' - 






± 0.30 


.20 


.13 


.15 


. 14 


; . 19 


.26 


.09 


.02 


.32 


1.02 


..OS 


1 . 3 2 


CastFe 


+ ■ 




• _^ 


+ 




+ 










+ 




± 0 . 30. 


.01 


.03 


.02 


.01 


.00 


.03 


.05 


. 01 


.01 


20.33 


. 05 


23 . 12 


Steel 


_ 











+ 


' + 


+ 






+ 




± 0.15 


.01 


.05 


.01 


; 05 


.11 


.02 


.01 


.01 


.00 


9.48 


. 02 


13.63 


Brass 






mm 













_ 










± 0.15 


. 51 


.48 


.40 


. 01 


.02 


.01 


.03 


.07 


.07 


. 59 


.44 


.43 


Solder 












- 


- 


- 








- 


± 0.30 


. 18 


.21 


.24 


. 10 


.01 


.08 


.07 


. 08 


. 18 


19.57 


. 22 


25.48 


Copper 


























± 0. 15 


.33 


.29 


.39 


.05 


. . 02 


. 03 


. 03 


.05 


.27 


. 30 


.35 


.31 


pH 


























7;o- 


























11.0 


7.8 


7.9 


7.8 


7.9 


7.9 


8.0 


7.9 


7.4 


7.7 


6.5 


7.8 


5.9 


(after) 
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2 


j 




o 


L 
b 


/ 


/ 


2. 








Looks 


*N 


N 


N 


N 


N 


N 


N 


N 


- N 


** 


N 




Metal 


























piece 


























(after) 


























Looks 

Sample 

(after) 


N 


N 


N 


N 


N 


N 


N 


N 


N 


N 


N 


N 



* N==Normal 

** Generally Corroded (Cast Iron/Steel/Solder) 
Locally Corroded (Cast Aluminum) 



TABLE 3 

OXIDATIVE DETERIORATION TEST 









Em 


bodiment 


Comparison 


1 


2 


3 


4 


5 


6 


7 * 


1 


2 


Change in pH 


-1.7 


-1.6 


-1.6 


-1.3 


-1.4 


-1.3 


-1.2 


-3.7 


-3 . 3 


Degradation 
Product (ppm) 


3800 


3600 


3900 


2400 


2800 


2500 


2400 


37500 


17100 



TABLE 4 
ftARD WATER STABILITY TEST 





Embodiment 


Comparison 


1 


2 


3 


4 


5 


6 


7 


1 


2 


Precipitation 
(v/v% ) 


0.0 


0.0 


0. 0 


0.0 


0.0 


0.0 


0.0 


0. 9 


8.0 
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From the results of those tests it can. be said that the 
antifreeze/coolant additive according to the present invention: 
(a) possesses an excellent metal corrosion preventive power; (b) 
is stable in hard water; and (c) does not produce precipitation 
with hard water. The additive of the present invention inhibits 
oxidation deterioration of glycols;, and .does hot cause lowering 
of the pH values, also effectively preventing ntetal liquation and 
corrosion. 

Accordingly, the antifreeze concentrate and the coolant 
concentrate including an antifreeze/coolant additive of the 
present invention in the range 0,05-8.0 wt.% possess an excellent 
metal corrosion preventive power. The concentrates are stable in 
hard water, and do not produce precipitation in hard water. The 
concentrates inhibit oxidative deterioration of glycols, and do 
not cause lowering of the pH value in use, also effectively 
preventing metal liquation and corrosion. 

While the present invention has been described by reference 
to specific embodiments , it should be understood that modifica- 
tions and variation^ of the present invention may be made without 
departing from the scope of the invention defined in the follow- 
ing claims . *v- . 
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What is claimed is: 

1. An additive to be added to coolant or antifreeze con- 
centrate, including at least one ingredient selected from the 
group consisting essentially of cinnamic acid and its deriva- 
tives, 

2. An additive of claim 1 , wherein said derivatives include 
alkylcinnamic acid having an alkyl group of carbon number "1-5. 

3. An additive of claim 1, wherein said derivatives include 
alkoxycinnamic acid having an alkyl group of carbon number 1-5. 

An additive of claim 1, wherein said derivatives include 
amine salts. 

An additive of claim 1, wherein said derivatives include 
their alkali metal salts. 

6. An additive of claim 1, wherein said derivatives include 
their ammonium salts. 

7. A coolant concentrate including an additive of claim 1 
from about 0.05 to about 8.0 wt.%. 

8. An antifreeze concentrate including an additive of claim 1 
from about 0.05 to about 8.0 wt.%. 
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ABSTRACT OF THE DISCLOSURE 



An additive to be added to coolant or antifreeze eon- 
centrate is disclosed. The additive includes at least one in- 
gredient selected from the group consisting of einnamic\ acid arid 
its derivatives such as alkylcinnamic acid and >l;fcp : xy c i nnairiic. 
acid, and their amine sal ts, alkali metal salts and ammonium 
salts . 
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